Alterations
of cell organelles occurring during spermiogenesis lead to cell architecture adapted to fertilization. These alterations do not always occur in a similar way in different aimal spernaatids but are controlled by genetic factors specific for each organism.
Many electron microscopic investigations have been carried out on several gastropod spermatozoa and their spermiogenesis (Grasse et al., 1956 ; Rebhun, 1957 ; Yasuzumi and Tanaka, 1958 ; Yasuzumi et al., 1960 ; Gall, 1961 ; Yasuzumi, 1964 ; Anderson and Personne, 1967 ; Walker and MacGregor, 1968 ; Galangau, 1969 ; Garreau de Loubreesse, 1971) . However, so far as the present authors are aware, there has been no investigation devoted especially to the development of flagella of the gastropod spermatozoon.
The cross-striated longitudinal columns in the connecting piece have been regarded as local specializations of proximal ends of nine coarse fibers (Blom and Birch-Anderson, 1960 ; Nicander and Bane, 1962a , 1962b , 1966 Anderson and Personne, 1967) . While it has been suggested that the cross-striated elements of the connecting piece are distinct from the homogeneous coarse fibers of more distal segments of the flagellum (Fawcett and Ito, 1965 ; Fawcett, 1965 ; Fawcett and Phillips, 1969, 1970) . Recently, as to the mode of origin of the coarse fibers of mammalian sperm flagella, Fawcett and Phillips (1969, 1970) have inferred that the coarse fibers originate as bridge-like radial outgrowths from the wall of the corresponding doublets in the axonemal complex.
During the study on spermiogenesis of the yellow slug, a pair of central microtubules and nine dense fibers have been observed in the apical portion of the connecting piece or in the early stage of differentiation of the axonemal complex and it has been possible to follow formation of doublet fibers from the wall of the corresponding dense _fibers.
Material and Methods
Small pieces of testis were obtained from the yellow slug Limax flavus L., and they were fixed with 3.5% glutaraldehyde followed by 1% osmium tetroxide.
Each fixative was adjusted to pH 7.2 with 0.1 M cacodylate buffer and fixation was respectively carried out at 4°C for 60 minutes.
All the fixed specimens were embedded in epoxy. Epon resin through a routine method for electron microscopy.
Sections were cut with an LKB ultrotome using glass knives, and mounted on Formvar-coated specimen grids. All the specimens were stained doubly with saturated aqueous uranyl acetate followed by lead citrate. Electron microscope : model HU-11D-S operated at 100 kv or HU-12 operated at 125 kv.
Observations
Although a single centriole is present in the early spermatid, a pair of centrioles has never been observed in the vicinity of the -nucleus of low density , where the Golgi complex is encountered as well (Fig. 1) . As development of the spermatid proceeds, the centriole derivative is firmly wedged in the basal concavity of the nucleus. The derivative is composed of a pair of central microtubules and nine dense fibers, but the triplet structure is no longer visible, being surrounded by an amorphous membrane approximately 54 nm in width. -The inner layer of the nuclear envelope becomes denser and the nucleoplasm is transformed into fibrillar elements, radiating from the dense nuclear envelope limiting the basal concavity (Fig. 2) .
In an advanced stage of differentiation when all chromatin threads are arranged in parallel to one another along the long axis of the nucleus, a dense basal body is visible in the deep basal concavity of the nucleus, being separated from the outer nuclear envelope by an electron-lucent space. Each distal part of dense fibers, appearing in the basal concavity of nucleus, is provided with a dense striated structure approximately 20 nm thick separated by a less dense structure about 40 nm in width, being embedded in a chromatoid body consisting of an amorphous material of intermediate density (Fig. 3) . In a slightly advanced stage of development, cytoplasmic microtubules 27 nm in diameter appear along the region of nuclear envelope (Fig. 4) . These microtubules increase gradually in number and develop to surround the axonemal complex in the middle piece . In the premature stage the microtubules disappear at the apical portion of the middle piece (Fig. 9) .
In the proximal portion of the connecting piece or in the early stage of differentiation of the axonemal complex, a pair of central microtubules is embedded in a large-sized chromatoid body. At the same time, development of the dense fibers of the axonemal complex is initiated by accumulation and polymerization of dense fiber protein from a single centriole (Fig. 5) . As development of the axonemal complex proceeds, the chromatoid body decreases in its size and density (Figs. 3-5, 9 ). The dense fibers are embosed by a dense, zigzag membrane (Fig. 5 ). This zigzag membrane is continuously visible through the connecting, middle and principal pieces .
The doublet fibers do not take origin immediately from the centriole in the connecting piece, but each fiber arises as an outgrowth from the wall of the corresponding dense fibers in the middle piece. The appearance of a projection from an internal corner of the dense fiber indicates the formation of the doublet fiber. However, the initiation of the development of each doublet fiber does not take place at the same time, since there are characteristic differences among the individual fibers in the rate of differentiation (Fig. 6 ). Soon after the initiation of the doublet formation, it is detached from the wall of the dense fiber but it is neither yet clearly doublet nor tubular in the middle piece (Fig. 7) . Both the doublet and tubular structures seem to develop essentially in the principal and end pieces (Figs. 10-11) .
It is noticeable that the central sheath appears when the doublet fibers have completely been separated from the dense fibers (Fig. 7) , which is visible in the principal piece as well (Fig. 10) .
The periodicity of the dense striated structure of the dense fibers (Fig. 3) is increased in width as the differentiation proceeds (Fig. 9) . In a longitudinal section through the axonemal complex in the connecting and middle pieces of the premature spermatid, the dense fibers with the cross-banded structure of a regular periodicity of ca. 50 nm are not confined to the connecting piece, but extend distally beyond the end of the connecting piece. It is clearly visible that the dense fiber is differentiated into two different axonemal components : an outer, cross-banded fiber and an inner smaller-sized fiber (Fig. 9) .
Although mitochondrial derivatives appear in the middle piece, their number is very few as compared with the microtubules (Figs.  3, 8, 9 ).
Discussion
Although the connecting piece of flagellate spermatozoa usually contains two centrioles, the yellow slug spermatozoon is provided with only a single centriole, as reported in the sea urchin (Afzelius, 1955) and in Lumbrieus terrestris . The thin lamina representing the anlage of the articular surface parallel to the surface of connecting piece has never been observed in the present material, which was revealed in the mammalian spermatozoa (Fawcett and Phillips, 1969, 1970 ; Oura, 1971 ; Yasuzumi et al., 1972) .
The cross-striated columns of the connecting piece of spermatozoa were regarded as local specialization of the proximal ends of nine coarse fibers in the bull (Blom and Birch-Anderson, 1960) , in the boar Bane, 1962a, 1962b) , and in several animals (Nicander and Bane, 1966) . Anderson and Personne (1967) demonstrated in the mature spermatozoon of Helix aspersa Muller that the transition fi om cross-banded to homogeneous structure is gradual, without demonstrating the differentiation of doublet fibers from coarse fibers. However, Fawcett (1965) , Fawcett and Ito (1965 ), and Fawceet and Phillips (1969 , 1970 suggested that the cross-striated columns of the connecting piece are ontogenetically distinct from the homogeneous coarse fibers of more distal segments of the flagellum in mammalian spermatozoa.
Furthermore, it was interpreted that the cross-striated columns of the mammalian spermatozoa develop from material that seems to arise between the triplet in the wall af both proximal and distal centrioles, and that the coarse fibers originate from the wall of the corresponding doublet fibers in the axonemal complex (Fawcett and Phillips, 1969, 1970) .
In development of the connecting piece of the yellow slug spermatozoon, the centriole derivative appears in the basal concavity of the nucleus, losing its triplet structure but being provided with a pair of central microtubules and nine dense fibers. The nine dense fibers are precursors of cross-striated columns which are most prominent in the connecting piece and become gradually homogeneous in the middle piece, supporting the observations of Blom and BirchAnderson (1960) , Nicander and Bane (1962a , 1962b , 1966 , and Anderson and Personne (1967) . Furthermore, it has been revealed that nine doublets are differentiated from the cross-striated fibers, showing a completely contrary development process against that observed by Fawcett and Phillips (1969, 1970) . This difference may be due to difference of animal species observed.
The chromatoid body is assumed to originate from the spermatid nucleus since it is found in the concavity of nucleus, and to contribute to development of the axonemal complex in the yellow slug spermatozoon, as summarized by Yasuzumi (1973) .
Summary
Development of the sperm flagella of Limax flavus L. has been studied with the electron microscope.
A single centriole makes its appearance in the early spermatid.
In an early stage of differentiation of the spermatid, the centriole derivative migrates into the basal concavity of nucleus, which consists of a pair of central microtubules and nine dense fibers. The nine dense fibers develop to become nine coarse fibers with a cross-striated structure in their proximal segments, from which nine doublets are differentiated in the middle piece.
Explanation of figures Fig. 1 . In an early stage of differentiation of the yellow slug spermatid, a single centriole (CT) appears in the Golgi area. The nucleus (N) of low density is visible at the upper side. x 40,000. Fig. 2 . The centriole derivative is firmly wedged in the basal concavity of the spermatid nucleus. The derivative consists of a pair of central microtubules and nine dense fibers which are surrounded by an amorphous membrane. Chromatin threads (arrows) are visible, radiating from the dense inner layer of the nuclear envelope at the basal concavity of nucleus. x 32,000. The axonemal complex is surrounded by the chromatoid body (CB). A single layer of microtubules (arrows) in cross or oblique-cross section can be seen along the region of the outer layer of the nuclear envelope.
x 83,000. x 234,000. Fig. 6 . Cross section through the axonemal complex in an apical portion of the middle piece.
The marks (P) indicate the bridgelike connections between the doublet fibers and the dense fibers. The dense fibers are delineated by a dense zigzag membrane which is subsequently surrounded by microtubules. x 234,000. 
